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“tris [Book jeunes, [STANDARD APPLICATION | 
| gipguirs | LANS ClReuits (DESIGNED. BY THE | 
UTHOR.._EACH CIRCUIT WAS ASSEMBLED AND 
STED.|. BY! THE AurHoR | AS THE Book WAS. . 
DeveLpeed... AFTER. THE Sook WAS COMPLETED, 
(AE AUTHOR REASSEMBLED EACH CIRGuUIT 7. 
EMECK FOR ERRORS. WHILE REASONABLE CARE 
WAS EXERCISED | THE PREPARATION OF THIS 
Book, VARIATIONS IN. COMPONENT TOLERANCES 
—An0\ CoNSTRUCTION METHODS MAY CAUSE THE 


| Resucrs you. ota TD. DIFFER, FROM THOSE 


GIVEN HERE. THEREFORE THE AUTHOR AND 
RADIO. SHACK ASSUME NO RESPONSiBicITY FOR 
THE SulTABILITY OF THIS BO0k’S._COoNTEMTS 
— FOR ANY. APPLICATION. 


| conrrot over THe Use > whied THE 
INFORMATION. IN THIS 800K 1s PUT, WE 


pets 


“ASSUME \No LIAglLiTY FOR ANY DAMAGES 
RESULTING FROM ITS USE, OF cobrsé iT 
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CUPPING ANS LIMITING CIRCUITS | 
—HALE= AND FULL-WAYE, RECTIFIERS | 
VOLTAGE mutripLices |_| 
DIODE LOGIC GATES. 
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As. YOUR RESPONS|@/LITY TO. DETERMINE IF | 


COMMERCIAL LSE, SALE OR) MANUFACTURE 


DECIMAL-TO-BINARY [ENCODER + 


OF ANY DEVICE THAT INCORPORATES jNifoR- 


IMATION. In| THIS BOOK INFRINGES ANY. 
PATENTS, COPYRIGHTS OR OTHER | RIGHTS. 
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—RAdIO. SHACK. AND THE AUTHOR, iT IS NoT _ 
Possigie, TO. PRovidé PERSONAL RESPONSES | 
TR REQUESTS FOR ADDITIONAG INFORMATION 
COustom ciReuIT DESIGN, TECHNICAL ADVICE, 
TROUBLESHOOTING AoUIGE, €TC.). | IF You 
WISH TD LEARN. MoRE ‘Agour ELEa TRemics, 
SEE OTHER Books IN THIS SERIES AnD 
RADIO. SHACKS "GETTING STARTED IN 
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ais MOTEBOOK, | FOR MopERN ELECTRONICS, 


a “ZENER DIODES! 


NOLTAGE REG ULATOR | MopeL | 


NOLTAGE SHIFTER 
WAVEFORM CLIPPER 


- BIPOLAR TRANSISTORS |_| 
BASIC SWiTcH AND AMPLIFIER) 
RELAY ORIVER; CONTROLLER 
LED REGLLATOR| { 
TRANSISTOR AMPLIFIERS 5 MIXER 
wee OSCILLATOR || {| 


if Teele! PROBE | 
ADTUSTABLE SIREN. 
AUDIO NOISE GENERATOR _ 
_1-TRANSISTOR OSCILLATOR | 


i 
r as 


at Tot oP 


SWATCH DEBOUNCER 


iL LAMP DIMMER 


MINIATURE RE TRANSMITTER 0. 
FREQUENCY METER. | i 
PULSE GemERATOR ++ 
Dd METER AMPLIFIER | 
LIGHT. / DARK AcTIVATED FLASHERS 
HIGH-=GRIGHTNESS FLASHER 

LEO. TRANSMITTER / RECEIVER. 
RESIsTOR- TRANSISTOR LoGic 


SUNCTION FETS i 
BAS\C Switch AND AMPLIFIER 
Kir@_ MICROPHONE PREAMPLIFIER 
Hitz AUDIO. Mixer 


POWER MOSFETS 
+ TIMERS. 
Hir2 SPEAKER AMPLIFIER. 
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RELAXATION OSCILLATOR, 

Dc MOTOR SPEED CONTROLLER 
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"INTRODUCTION: 


IN THis ERA oF INTEGRATED ciRCuIT, 


OF CIRCUITS MADE! FROM! INDIVIDUAL  CoMr 
PONENTS ARE OFTEN OVERLOOKED. | THE!| }. 
CIRCUITS THAT Foliow, |LCUSTRATE | MORE |_| |. 
THAN 2S APPLICATIONS FOR! SUCH |BASIC\ | 
COMPONENTS AS DIODES, TRANSISTORS, |_| 
SCRS, AND TRIACS, THESE CIRCUITS ARE.) 
PRECEEDED BY SECTIONS [oN RESIsTORS| | | 
AND CAPACITORS Since THESE] COMPONENTS | 
ARE AN ESSENTIAL INGREDIENT IN. sani 
ALL SEMicONDUCTOR CIRCUITS. |_| | 


FOR MoRE INFORMATION \ABouT. THE. icon 
PONENTS SED IN THE CIRCUITS: THAT FoLow,| | 4 
SEE "GETTING STARTED IN ELECTRONICS") 
CRapio sHAcK, 1983), THIS B0Qk covers | 
Basic ELECTRONICS AND INCLUDES 100) _. 
TESTED CIRCUITS. ALSO, SEE OTHER TITLES 
IN THE “ENGINEER'S MINI“NOTEBOOK" | 
SERIES. | + eT A 


CIRCUIT ASSEMBLY TIPS |) 


TEST VERSIONS OF THE ciRcUITS IN THIS | 
Book WERE ASSEMBLED ON RADIO SHACK |. 
MOOULAR BREADBOARD SOCKETS. AFTER |. 
ASSEMBLING AND TESTING A CIRCUIT on. Va BS 
A BREADEOARD, YoU CAN ASSEMBLE A/ || | 
PERMANENT VERSION ON A. ciRCUIT BOARD | 
AND INSTALL IT IN AN ENCLOSURE. THOUGH |_| 
EACH CIRCUIT INCLUDES SPECIFIC COMPONENT |_| 
VALUES, SUBSTITUTIONS ARE USUALLY | OK) LF) | 
VOLTAGE, CURRENT, AND POWER RATINGS ARI 
OSSERVED. FOR INSTANCE, A 1.2K RESISTOR) 
CAN USUALLY BE SUBSTITUTED FOR A 1K UNI 
A 100K POTENTIOMETER CAN BE USED IN) 
PLAcE OF A SOK UNIT. AND Many | NeN- TRAN= 
S\STORS CAN BE USED FoR THE POPULAR 2Ni2222. 


CRESISTORS RESIST me Flow OF AN 
ELECTRICAL, CURRENT. THE UNIT OF 
RESISTANCE 1S THe OHM Cf). A. PoTEN- 
LTIAL DIFFERENCE | OF ONE VOLT Witt. 
“pornce A CURRENT oF ONE AMPERE 


pA GH AY RESISTANCE OF ONE OHM... 


MTS | LAW 


| Wouter ah) \s THE. POTENTIAL. DIFFER- 
Ence Across. A RESISTOR. | SURRENT (x) 

IS me Flow OF ELECTRONS THROUGH. 
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OF RESISTANCE, MOLTAGE , OR CURRENT, _ 
me THIRD vAWE CAN BE CALCULATED” _ 
FROM. OMS .LAW * 4 
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THE, UNIT. of PowER 1S THE WATT. IT IS 
IMPORTANT Jo BE SURE THAT ALL VALUES 
IARE EXPRESSED PROPERLY WHEN USING 
onM's LAW. FoR EXAMPCE , GS MiLtI— 
VOLTS. SMoucd BE EXPRESSED AS 
0.065 VOLTS. 470 MILGIWATTS SHOULD. 
BE EXPRESSED AS 0.42 WATTS. A. 
47K RESISTOR HAS A RESISTANCE OF 

42 41,000 OR 47,000 OHMS. A 2.2m 
ResistoR HAS A RESISTANCE OF 2.2% 
fl, O90, 900 . OR 2,200,000 OHMS. 


| suacey You MAY vse A ResisTOR wird | 


QUIRED) VALUE. 


A VALDE within 10-20% oF THE RE- 
iia i SUSE RESISTORS 


RESISTO RS IN PARALLEL 


IF RL =R2= RB, THEN Rye aL Ys. 
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| THE GURRENT THROUGH THE LED FOR A 
| RANGE) OF STANOARD RESISTANCE VALUES. 
THE FORMULA FOR cuRRENT 1S T=V/R. | 
AN. CED DOES) NoT BEGIN. To. ConDucT 
ONTIL TAG FORWARD VOLTAGE 1s ABOUT. _ 
1.7 vot s (REO Lep). THEREFORE, THe || | 
FORMULA FOR CURRENT Is T=(G-1.7)/R. 
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MENT OF ANU 
KNOWN RESISTANCE | 
CR3). RA And | RZ 
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TO REGULATE (THE | 
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PowER SUPPLY. RG 
AND Si Form A.) 
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ichdabatdelal SToRe AN Eldectricad. | 
CHARGE. THE Ont OF! CAPACITANCE IS. 
TRE, FARAD.| A 1>FARAD. CAPACITOR coN= | 
NESTED TO A 1-VocT SuPPLY WIL (sToRE 
AL CHARGE OF 6128 x 10'S ELEcTRONS.. | | 
MOST CAPACITORS HAVE CONSIDERARAY Less 
LICARAGITY: VALURS | COMMONLY RANGE | 
FROM A FEW. PICoFARADS Cio™** Fagen | f 
TD A. Few a MRS EneADR Jit 
(107° FARA). 1 | 
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[it leageo) sae Mt 
| LIMICROFARAD = 1. ME = 107° E + 
LL NANORARAD S Lae store | 

~ 4 PICO FARAD = 1 pF = 10 eC 
ial CReAC\TOR CAN BE CHARGED. ALMosT. 
INSTANTLY 8Y CONNECTING ITS CEADS. 
DIRECTLY ACROSS A POWER SuPprey.. | 
THE CHARGING TIME CAN BE INCREASE! 
BY INSERTING! A RES)sTOR BETWEEN _ 
THE SUPPLY AND THE CAPACITOR. 


ee ee 


START, TIME. 


WARNING) a 
[MOST CAPAc\TORS. (CAN RETAIN, A | 
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I naa CHARGE | Ress nve chaege mi 
t (FOR A COMSIDERASLE TIME AFTER, 
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litS| CHARGE THROUGH LEAKAGE. THE Djs- OE. THEREFORE vse) cAur Lon Ein} |_| r 
CHARGE ME. i Po dataieas Bp WWoRkING | with CAPACITORS. A ani Ace | WI 
CAN BE REDUCED Ow RESISTANCE! |--—_ ELECTROLYTIC | CAPACITOR. CHARGED | | ONLY, 


bien ResisTANCE — f-—-S-TD.10- VoLTS CAN | MELT. 
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BY CONNECTIN 6 _ 4 
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| THE CAPACITOR’ Ss || 
tee EADS! —_._________T1ME 


Prank rn game 
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i @csistor- =CAPACITOR™ CIRCUITS 


IAMonG THE Most (MPORTANT OF ALL 
JCARCUITS ARE THE BASIC RESISTOR= 
CAPACITOR sae ciRcoiTs + | t 


HOW: TO USE. CAPAC ITORS eo 


“SIGNAL FILTERING 


‘Al SiN GUE. [CAPACITOR CAN. DWERT AN 
UNWANTED SIGNAL TO GROUND: 


Poor 


A SINGLE CAPACITOR CAN REMOVE AN | 
UNWANTED DC COMPONENT (FROM A 
FLUCTUATING SIGNAL + 


FS: our 


POWER SUPPLY FILTERING Pr 


A LARGE CAPACITOR WILL SMooTH THE 
PULSATING VOLTAGE FROM A POWER | 
SUPPLY, INTO. STEADY DIRECT SURRENT: 


INTEGRATOR. | i 
{het fot tt 
THE_INTEGRATOR (S| AN RC! CikcuiT! THAT, 

TRANSFORMS An) INCOMING | SQUARE. WAVE 
AmTR A TRIANGCE WAVE 2 a a 


[ReC 1S me TIME) CONSTANT OF THE CiRcUIT. | 
RC Must ge aT Leases rss TIMES THE PERIGD_ 
OF THE INPUT SIGNAL. 1F NOT, THE AMPLITUDE, a 


OF TRE OuTPUT SIGNAL WILL 66 REDUCED, {tt 
|THE, CiRCuIT with THEN BE A LOW-PASS | i 
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+ FILTER THAT! BLOckS HIGH FREQUENCIES. | 


DIFFERENTIATOR eo as 


THE DIFFERENTIATOR IS AN RO CIRCUIT THAT, 
TRANSFORMS AN INCOMING SQUARE WAVE. 
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SPIKE “AND NOISE SUPPRESSION 


[Ao ME CAPACITOR AcRoss THE PowER _ 
‘suePly. fains OF A LOGIC CHIP wiet HELP 
SUPPRESS FALSE TRIGGERING CAUSED gy. 
BRIEF PowEeR suPeLY NOISE SPIKES. 0 | 

Bea is ty. Nae 


THE RO ME CONSTANT. SHOULD, BE 1/10 OR. 
LESS) Of THE DURATION OF THE INCOMING | 
.. PULSES. DIFFERENTIATORS ARE OFTEN | | 
__USED TD. CREATE. TRIGGER PULSES, 


IDO} SAND, REcneiers | TARE 
“haviaed THAT_conpucr ELearRiciTY IA) OnLy 
| ONE DIRECTION. IT IS IMPORTANT TD. UN= | 
| DeRStANO [THAT A DIODE Does Not BEGIN, 
AD CONDUCT UNTIL THE FORWARD VOLTAGE. 
REACHES A TARESHDLD! POT. f 
SPARE \DloDES. THIS VOLTAGE 15 ABOUT 
| Volt! FoR GERMANIUM DIODES IT JS, 
Agate 0.3 VOLT. THIS GRAPH SUMS UP 
| Pee eee a 5 | a 


ea Pest 


Te + FORWARD (CURRENT) | 
Ta + REVERSE CURRENT — 
Ve SFORWARD VOLTAGE | _ 


Ne ® one ta VOLTAGE | 
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4 tis erreur | wate! 
LL REDUCE VOLTAGE. 
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+, T¥P IC AL_APPLICATION? 
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TH tht ae fF Ht 
| REVERSE: POLARITY. PROTECTOR © 


Heeter p+ far Pe Sy We AES a 


[gat | 5 ee TO dinchit 1 oe oe 
(3m 12, | 4nait4 CRADID, TAPE 


ct UT) Vours. | Recorder, Fe Rt 
+ fort eee ot 


| | be Pol } i | 
Dione PRotecrs ciRcUIT IF BATTERY |S 

| {stabi jl. REVERSE D POLARITY. 

+ } + at 


“TRANSIENT. PROTECTOR Ly 


ean nt 


WHEN He cuRRent FLawiNe THROUGH 4 
INDUETOR Is. SUDDENLY SWITCHED (OFF, THE 
COLLAPSING MAGNETIC FlECD WILL GENERATE, 
Al WIGA. VocTAGE! IN. THE INDUCTORS ColLs.\ 
THIS VocTAGE SPIKE MAY HAVE AN AMPLITUDE 
pF RUNOREDS OR EVEN THOUSANDS OF VOLTS. - 
| JA Olove ICANN PROTECT THE ciRcuIT. TO. 
| WHICH. THE INDUCTOR IS| CONNECTED BY 
| PRovipiInG A SHORT CIRCUIT FOR THE HIGH, 
VOLTAGE SPIKE, FOR EXAMPLE} 4 


WHEN me DRIVE. 
CIRCUIT SWITCHES 
THE RELAY OFF, A 
HIGH-VOLTAGE SPIKE | 
($_ GENERATED _ in) 

THE RELAY'S coil. | 
O14 SHORT CIRCUITS 

TAIS. SPIKE.) _ wa 


ims 


Di_JNEFRECTIWE. 
pHRNE TURN-ON TIME. 


| METER PROTECTOR 


CONWECT Al Dine | 
ACROSS THE TERMI~ | __ 
NALS. OF _A._METER | 

_TO_PRoVIbeE REVERSE 
CURRENT PROTECTION. _ 


Wd 2 


1n414. 1N914 


AUDIO LIMITER | 


DSUSTABLE, WAVEF OR 


ADIUSTABLE. “ATTENUATOR 


Dt | | D2) _ 


is A @IfOLARITY. G7) Ver 
me Sanenee CLIPPER, 


tt+444 
st } 


1 
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‘Apavst R2 TO Tchisatebel Ediseladal hrselir soe, a 
+ SHovip BE A VOLT OR) SO) Gee 


THAN. 
ret INPUT. VOLTAGE. || } 


Sea a Fal | 
OuT 


i bs (S| ANY, Dione. RATED FOR THE INPUT VoLTAcé. 
LTHIS) GiRcuIT IS, USED TO TRANSFORM AN AC _ 
|_ WAVE Into PULSATING DC And To peTECT 
i te neha RADIO SIGNALS. 


~ DUAL HALE- WAVE RECTIFIER | 


our, 


ia AC WAVE INTO PULSATING DC, 


t 
CAMs CiRevit TRANSFORMS BOTA WaLUES OF 
i 


fines WAVE RECTIFIER 


Di-D4 AVAILAgLE 
p4 AS ModULE. 


ALSO CALLED nN BRIDGE RECTIFIER. - LusED To 
ieeertt (@OTA__HACVES. OF AC wave 1o Da, 


os 
9, PICRSCADE VOLTAGE DOU BLER 


4 “pohatohidaies | | 
soit ptt me Li} suogep [ee | | | 
SS Pe RATED ATL | | | me 


BRIDGE VOLTAGE “poutien | LH 


+ Jaataled + 
SHDULD ge, 
RATED AT 


i COMPONENTS 
SHOULD ge! 


SIMPLE! Locic cigcuits CAN Be | | | mks Ciecurr is A PROGRAMMABLE (READ 
TEACH BASICS OF DIGITAL Locic_|_ | | ONLY! MEMORY | (PROM)... Use 44H 1D. 
ACTICAL APPLICATIONS, | i +} jt Jj | 


|B eal } tpt 4 
Lt ite a .0.= GROUND | 
a ae Ye jf tij jt dt 
+ DECIMAL 
ANPUT SWITCHES 


Nore: bse 1najaGe simudagy_ 
FOR UNMARKED INPUT DI 


GHA DIDDE, CONNECTED JIN THe 
Het Ieee THE . eee Diboe is 


COMMERCIAL ZENER | 
DIDDES HAVE. | Sra 
MOLT AGES. FROM. 2 ro | 

269 NoLTS.| |_| | | 


[Vil | mm 

a Naan Lt Nin) ust 82 Atl LEAs 
T2=P2/ Vz, AVOUT ABOVE Voup. Ty | | 
RE WV) /E [CAM_VARY FROM OmA! 

|| 7 MAXIMUM PLANNED. t- 

Nour, VALOE. D1 AND R41 usr | 
HAVE PROPER POWER! 4 
ATING. (use OHMS LAW), 
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Yh NF a 
eae GULATOR: | 


“(ALSO CONVERTS Sine! | 
||| Wave 1D NEAR 
SQUARE  W 


ikl ii ista dba bdick hui) Lie Ler le 


IN WHICH A) 
\ISMALL | CURRENT AT ONE TERMINAL CAN) 
LICOMTROL A MUCH. LARGER CURRENT t 
| PLOWIN.G | BETWEEN THE SECOND. AND 
L-TAIRO TERMINAL. THIS MEANS TRANSISTORS — 
L_ISAN_ FUNTION AS BOTA AMPLIFIERS AND | 
ISWITCHES, BIPOLAR TRANSISTORS | ARE. 1 
CLASSIFIED AS. NPN OR PNP. ACCORDING | 
[RTE DOPING CONTAINED IN THEIR THREE, 
| [REGION S. ||| + 


- BASIC TRANSISTOR: SWITCHES 
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@ LAY DRIVER: 


tev 
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/ rev. 


RELAY! ‘CONTROLLER | 


ANPYOT. 1s. 
APPLICATION: | 1 


MOISTURE-SENSING 


4 em RELAY, PuLcs. LN Wien 
Posi rive. 


RESISTIVE SENsbR_ oR 
PROB 
to} 
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ts 
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BASIC TRANSISTOR AMPLIFIER | 


NE 4i2y 
| ApsusT Rito)! 
Give ses 
RESULTS. 


sity | im 
TEST CIRCUIT 
GAVE GAIN 
R2__ (our / Vin) = SOL 
ik + 


Ct Rt 
taf 5k 


LED CURRENT = 7B WA, 


TO RELAY. R4 AND. 
Ci ContRoL 


FLASH LAMPS. AND. 
CONTROL MOTORS. 
Van BF 


a Et a 
SUPPLIES | 
| constant 
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Len” 


Hie 


VE 


{ ree pl ee TO. 
RADIOS AND TAPE 
| PUAYERS WITHOUT 
| BREAKERS.) |. 
"| tt 


tus! ciacuir REQUIRES NO 
INPUT TRANSFORMER. 


+} 


)NE- PREAMPLIFIER 


TAPE RECORDERS, PUsLIC. ADDRESS 
AND PORTABLE, AMPLIFIERS. 


MIXER 


[ea inputs! #9 ok TD ADD | 


MoRE INPUT 


“S_USE TD Comsine [sicWALs FROM. 
E) AMPLIFIERS, MICROPHONES, ETC. 
| pee 


“RUDIO OSCILLATOR — 


1 NOTH VALUES 
SHOWN.) THAIS 
| Gireurt ¢REATES. 
Bb AvdI0 TONE 
OF LP TD SEVERAL _ 
THOUSAND. HERTZ. 
|THE) FREQUENCY | 
| US) ConTROULED | | 
+BY RS. OK) TD) | 
| Se| Many | 
DIFFERENT. TRAN _ 
LSYSTORS FOR, |_| | 
Qt AND_Q2.\FOR! | 
MeRY SLOW 
FREQUENCIES, 
INCREASE C1. 


Tis _ciecuir is) 
A. VARIATLON OF)! 
THE CIRCUIT ABOVE, 
RE CONTROLS THE 
1) Penieie" RATE | 
OK TO_Use | 
__ VARIOUS i 
TRANSISTORS. 
FOR Qt AND. 
a2. a Be 


LEA 


‘ESem 
CLOSING |S4 | 
GIVES RISING. 
TONE. OPENING 
Si iGives | | | 
MLING | TONE. 


oe 


+ 
T 


(aceeenessee RF TRANSMITTER 


THIS <¢IRCUIT Is PATTERNED ArteR A | Pj 


OSCILLATOR, 
ADJUsT R41 TO. 
CHANGE tonéE | 


LATE 19So0's. THis. TRANSMITTER | REMAINS | 
ONE (OF THE is UE EVER: PeveLoPeny 


i | 4} etetoh 


FREQUENCY. |. 24 
CONSUMES, OALY. ANTENNA. 
100.- 200 COPMONAL), 


{ 
SIGNAL. At Qt's se 


AAA 


kd im | 


MICROA MPERES.. 


THIS 1s A SIZED BIOTELEMETRY| TRANSMITTER, FIRST 
SimePliried DEVELOPED BY OR, R. STEWART MACKAY | |_| 
HaRgTLey [AND OTHER MEDICAL RESEARCHERS IN THE || 


| 


as so INSULATED 30 GA, 2s 22k. RF HARP Nes 
A/4" TURNS TURNS. WRAPPING WIRE TURNS. 
4 SENDS SIGNAL, 1D. 
LAM) OR) Sw BI 10.) 
4 4 | al Rew eee! AWAY, 
SO. a@n2222 | R41 (And R2)_ com>. 
|TURNS FROLS, SIGNAL |_| 
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